A protein kinase activity from spinach chloroplasts, tightly associated with the thylakoid membranes, has been solubilized and partiafly characterized. This membrane-bound protein kinase is stimulated by lght and electron transport activity through photosystem II appears to be required for stimulation.
Protein kinases catalyze the transfer of the y-phosphate of ATP to seine or threonine hydroxyl groups in proteins. Little is known about protein kinases in plant tissues. Protein kinase activity has been reported in higher plants in a particulate fraction containing chloroplasts and nuclei from Brassica pekinensis (18) . Soluble protein kinase activities from Pisum sativum (12) and cultured plant cells (14) have been reported.
Protein phosphorylation by orthophosphate (32Pi) in the light has been recently reported in chloroplasts (4) . Two proteins labeled during illumination were detected: (a) a 26,000 mol wt polypeptide which co-migrated with the Chl a/b-binding protein; and (b) a 9,000 mol wt polypeptide.
In this paper we describe the subcellular distribution of protein kinases in spinach leaves and the solubilization and partial characterization of a protein kinase from chloroplast membranes. Evidence is presented which indicates that in the presence of light, phosphorylation of the light-harvesting Chl-protein complex and the DCCD5-reactive proteolipid in chloroplasts appears to be 'This investigation was supported by Grant mM NaCl; PAGE: polyacrylamide gel electrophoresis; NCS: Amersham mediated by this protein kinase, which is associated with electron transport through PSII. Moreover, the membrane-bound protein kinase also phosphorylates externally added histone. A preliminary report of these data has been presented (1).
MATERIALS AND METHODS
Spinach leaves were obtained from local markets; histone II-A, lysine-rich histones, arginine-rich histones, and casein were obtained from Sigma; octylglucoside from Calbiochem; cholate from Sigma was recrystallized as previously described (10) . FCCP was a gift from Dr. P. Heytler and DCMU was a gift from Dr. R. E.
McCarty. ["4C]DCCD was kindly donated by Dr. H. R. Kaback.
Other chemicals used were analytical grade. [y-32PJATP was prepared as described elsewhere (3) .
Isolation of Chloroplasts and Chloroplast Components. Chloroplast particles were prepared from spinach leaves using two different methods as described by Nelson et al. (15) or Yamashita et al (22) . The latter preparation was used in the experiments on Tris inhibition and reactivation by DCPIP and ascorbate of protein kinase activity. NaBr-extracted chloroplasts were prepared as previously reported (11) . LHC was prepared as described by Burke et al. (6) .
The protein kinase from chloroplasts was solubilized and fractionated with ammonium sulfate as described by Pick and Racker (17) for the solubilization and purification of the DCCD-sensitive ATPase from chloroplasts. Enzyme Assay, Protein and Chi Determinations. Protein kinase activity was measured by using a modification (20) of the filter paper method described by Corbin and Reimann (7) .
Protein was determined according to Lowry et al. (13) After reactivation, samples were centrifuged and pellets were suspended in STN buffer. Inactivation of protein kinase with NH2OH was carried out as described (16) . (Table I ). This procedure resulted in about 4- fold increase in specific activity.
As shown in Table II , the membrane-bound protein kinase has a pattern of substrate specificity quite different from that of the soluble enzyme, which indicates the existence of at least two different kinase activities.
Light Activation Process of Protein Kinase. The protein kinase activity associated with chloroplasts is activated by light. There was considerable phosphorylation by ATP in the light without addition of external substrates (Table III) . This light-stimulated activity was significantly increased after extraction of the chloroplasts with 2 M NaBr. The effect of chloroplast concentration on the protein kinase activity in the light and in the dark is shown in Figure 2 . Phosphorylation of endogenous substrates is higher in the light than in the dark. A light-activated phosphorylation of exogenous substrates was also observed (Fig. 3) . Optimal activity of the light-dependent phosphorylation was around pH 7.5 ( Fig.  4) and there was very little activity in the dark at any pH.
The protein kinase showed an absolute requirement for Mg2", and in the presence of Mn2' about halfofthe activity was observed while Ca2" was not a suitable substitute for Mg2' (Table IV) .
Identification of Internal Substrates of Membrane-bound Protein Kinase. Phosphorylation of endogenous substrates in the light 
